Individual housing from weaning onwards resulted in reduced growth rate during adolescence in male 12 C57Bl/6J mice that were housed individually, while energy intake and energy expenditure were 13 increased compared to socially housed counterparts. At 6 weeks of age, these mice had reduced lean 14 body mass, but significantly higher white adipose tissue mass compared to socially housed mice. Body 15 weight gain of individually housed animals exceeded that of socially housed mice during adulthood, 16 with elevations in both energy intake and expenditure. At 18 weeks of age, individually housed mice 17 showed higher adiposity and higher mRNA expression of UCP-1 in inguinal white adipose tissue.
Introduction 26 To study effects of environmental factors on obesity and to evaluate the effects of novel therapies to 27 prevent or treat obesity in humans, the use of animal models remains indispensable. Rodent models 28 for obesity share some of the characteristics of obesity in humans and include those that are based on 29 genetic alterations and/or environmental manipulations such as exposure to high fat diet or chronic 30 stress (1, 2). Such manipulations typically modulate the central and peripheral regulation of energy 31 balance, resulting in hyperphagia and increased adipose tissue deposition. Many studies apply 32 individual housing of the animal (i.e. one animal per cage) to allow quantification of food intake, energy 33 expenditure and other behavioural, metabolic or physiological parameters relevant to energy balance 34 regulation at the individual level. For social species such as rodents however, social isolation that 35 comes with individual housing may cause chronic stress (3, 4), which can lead to neurocognitive 36 impairments and altered anxiety and depression-like behaviours (5-7). Based on the results of a 37 systematic review and meta-analysis we recently conducted (8), we concluded that individual versus 38 social housing of rats and mice leads to increased energy intake and higher visceral adipose tissue 39 deposition. Social isolation stress may indeed affect the neurobiological control of food intake by 40 affecting brain area's involved in energy balance regulation such as the hypothalamus (9, 10) and the 41 reward system (11). Among the mechanisms through which social isolation can induce these changes 42 is an increase in hypothalamic-pituitary-adrenal (HPA) activity and responsiveness (12-15), affecting 43 circulating glucocorticoid levels that can directly target the CNS-adipose tissue axis and favoring 44 visceral fat storage (16) (17) (18) . For mice in particular, individual housing may also provide a direct 45 physiological challenge with respect to thermoregulation. Social thermoregulation by huddling is a 46 strategy applied by many rodent species to conserve energy (19) . The standard environmental 47 temperature in laboratories (i.e. around 20° C) is below the thermoneutral zone defined for mice (20) .
48
Increased energy intake, expenditure and/or energy storage could therefore be necessary to support 49 the demands of increased thermogenesis when mice are housed individually.
50
Due to critical steps in brain and endocrine development that take place in the period between 51 weaning and sexual maturation, adolescence represents a period of heightened vulnerability to social 52 isolation stress in rodents (21) . Indeed, profound abnormalities in brain structural and functional 53 development due to social isolation occur specifically during adolescence, disrupting cognitive and 54 behavioural function at later life stages (22) (23) (24) . Adolescence is also a period of rapid lean body growth 55 (25), which is accompanied by a high energy demand. Moreover, this period also represents a critical 56 phase for the development and maturation of (visceral) white adipose tissue (26-28) and the structural 57 and functional maturation of the hypothalamic circuits that control food intake (29 Fig 1B) and exposure to WSD also increased body weight gain ( Fig 1B) . While absolute body 104 weight of IND groups was lower than that of the SOC groups at PN42 the difference was lost after 5 105 weeks on WSD diet, or after 8 weeks on CTR diet (data not shown). At PN126, 12 weeks after the adult 106 diet exposure, the absolute body weight of IND was higher than that of SOC, albeit not significantly, 107 and WSD exposed mice had significantly higher body weight than mice exposed to CTR (Table 2) .
108
Moreover, individual housing as well as WSD exposure increased adiposity ( Fig 2E and (Table 3) . At adult age (PN106-108)
129
IND also showed higher energy expenditure during the light phase, while energy expenditure was 130 increased in both the dark and light phase by WSD exposure (Table 4) showed higher adiposity in mice due to individual housing while exposed to a high fat diet, but reduced 187 adiposity when animals were kept on regular, low fat rodent chow diet (39). In that study however, 188 social isolation commenced at adult age (i.e. at 12 weeks), when mice were metabolically fully mature.
189
In contrast, mice in the current study were individually housed from weaning onwards and experienced 
207
A higher energy intake was observed as a result of individual housing. Mice are known to increase their 208 energy intake to compensate for increased energy costs for thermogenesis (43). A different signaling 209 of satiety cues to the brain in the early post-weaning period may influence the structural maturation 210 of the hypothalamic circuitry responsible for the (homeostatic) regulation of food intake (29). Early life 211 energy availability can thereby have permanent effects on food intake behavior. Alterations in hedonic 212 regulation of food intake may also contribute as individual housing has been shown to modulate 213 reward-sensitivity and depressive-like behavior (11). In contrast to the increased energy intake in 214 individually housed animals, we found that these animals had reduced sucrose preference during anhedonia (50). It has been proposed that especially the intake of palatable or high fat diet may be 217 increased by individual housing (39). Although increased energy intake and reduced sucrose 218 preference index in the current study appeared to be most pronounced in individually housed animals 219 on WSD diet, there was no significant interaction between diet and housing.
220
Individual housing increased adiposity at 6 weeks of age and in adulthood. The period between 221 weaning and sexual maturation represents a critical phase for the development of white adipose tissue 222 (26-28). Whereas higher energy expenditure would lead to lower, rather than higher adiposity it may 223 be hypothesized that the increased white adipose tissue deposition observed in individually versus 224 socially housed mice in the current study is the result of an energy intake (persistently) higher than 225 that required to support the metabolic demands. In addition, white adipose tissue maturation can be 226 disturbed by alterations in circulating glucocorticoids (51), which could affect (later in life) deposition.
227
Basal CORT levels were however not affected during adolescence due to individual housing (but see 228 below). As (home cage) physical activity levels were not monitored in the current study, a potential 229 contribution of that factor to the differences in fat deposition observed between individually and 230 socially housed mice in the current study cannot be excluded, although such an effect may be unlikely 
250
The results of this study are of direct relevance to (metabolic) health and obesity research using mice 251 models. The standard environmental temperature in laboratories (i.e. around 20° C) is below 252 thermoneutrality for mice and this has been proposed as a factor that limits the translational value of 
271
In summary, this study shows that individual housing of male mice from weaning onwards causes 272 substantial alterations in growth, body composition and energy balance regulation and predisposes to 273 later in life obesity. We conclude that for (metabolic) research models with mice, the (social) housing 274 practices should be carefully considered and regarded as a potential modulator of (metabolic) health 275 outcomes, which may complicate the translational value of study results to the human situation. 
